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The capacity of inverter compressors is adjusted with rotational speed thus a sufficient lubrication is required at low 
rotational speeds. This paper reports the performance of the Sliding Mesh (SM) and the Moving Reference Frame 
(MRF) methods in modeling lubrication system of a Compact-Type Inverter Compressor (CIC) used in household 
refrigerators. The two-phase flow inside the hermetic compressor is simulated using the Volume of Fluid Method 
(VoF) under transient, laminar and incompressible flow conditions. The simulations are carried out for eight 
crankshaft speeds, from 1200 RPM to 4000 RPM. The modeling performance of the SM and the MRF computations 
is evaluated by investigating the oil climbing time which is defined as the required time to reach oil to the uppermost 
of the crankshaft, and the oil mass flow rate released from the outlet of the crankshaft. The important finding is that 
the MRF method predicts higher oil mass flow rate below 3000 RPM, but above 3000 RPM, the SM method yields 
higher oil mass flow rate. The oil climbs the crankshaft faster in the SM model. The MRF model requires less 




The capacity of inverter compressors is adjusted with rotational speed. Therefore, rotational speed of the hermetic 
reciprocating compressor is changed according to the performance requirements in the refrigerator. Operation at 
different rotational speed makes the design of oil management system more critical for those compressors. 
Especially, the preference of operation at lower speeds causes a higher risk for the expected lifetime of the 
compressor. Insufficient lubrication of the hermetic compressor causes the compressor to stop working or even 
become inoperable. Several experimental and numerical studies which are dedicated to overcoming insufficient 
lubrication problems can be found in the literature. Among these studies, numerical investigations are at the 
forefront especially at the first design process due to some difficulties of the experimental investigations such as 
high cost and long-running time. On the other hand, there are various disadvantages of the numerical studies. For 
example, the numerical modeling approach preferred in the study determines the accuracy of the results. Because the 
performance of any modeling approach depends heavily on the application used. Therefore, selection of modeling 
approach is vital to achieve reliable results. 
 
A brief literature survey related to numerical investigations on the lubrication system of the hermetic compressor is 
given as follows.  
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It is seen that the MRF method is widely preferred in numerical investigations of the lubrication system of the 
hermetic compressors (Lückmann et al., 2008, 2009, Kerpicci et al, 2013, Ozsipahi et al., 2014a, 2014b, 2016). In 
these studies, Lückmann et al., (2008, 2009) computed the oil climbing time and in the study the mass flow rate is 
determined as performance criteria to validate numerical results against experimental measurements. Kerpicci et al., 
(2013) investigated oil flow in the hermetic reciprocating compressor. Oil climbing time is evaluated both by using 
high-speed camera and the numerical modeling of the compressor. A good agreement has been found between the 
experimental and numerical oil climbing time results. The lubrication system of the constant speed hermetic 
reciprocating compressor is investigated by Ozsipahi et al., (2014a) and it is found that with increasing rotational 
speed, submersion depths and decreasing oil viscosity, the mass flow rates increase. In the other study of the 
authors, the effects of certain geometric parameters on the oil mass flow rate have been reported (Ozsipahi et al., 
2014b). Ozsipahi et al, (2016) presented an analytical flow model for the screw pump and compared with the results 
of numerical simulations for the lubrication system of a variable speed hermetic reciprocating compressor. Using the 
analytical flow model, effects of the certain design parameters for the screw pump to maximize the oil mass flow 
rate of the lubricant released from the upper part of the crankshaft are predicted and compared with numerical 
results. 
 
Liu and Hill (2000) investigated three different techniques to model various configurations of a turbo compressor. 
They are the Frozen Rotor model, Circumferential Average model, and the Transient Sliding Mesh model. It was 
concluded that when the models include non-axisymmetric components and when strong interaction occurs between 
the rotating and stationary parts, all three approaches give different results. Deng et al., (2016) modeled the rotary 
two-stage inverter compressor by using the SM model and the obtained CFD results are compared with the 
experimental results. Kovacevic et al., (2010) investigated a screw compressor numerically by using the SM model. 
Numerical results validated with the LDV measurements. They pointed out the inability of the turbulence model to 
cope with near wall velocities could be the main reason for differences in the CFD results and measurements. 
 
In this study, two different numerical modeling approach, namely Sliding Mesh (SM) and Moving Reference Frame 
(MRF), are used to numerically investigate the lubrication system of a Compact-Type Inverter Compressor (CIC).  
 
2. SLIDING MESH MODEL 
 
The SM method used in this study is a special type of dynamic mesh motion which boundaries and mesh cells move 
together in a rigid-body motion. As a consequence, the SM model is inherently unsteady due to the motion of the 
mesh with respect to time. The cells in the zones are not deforming and the governing equations of the fluid motion 
are different than used in the MRF method. The SM model is defined as the most accurate method to simulate flows 
in multiple reference frame, but also the most computationally demanding.  
 
2.1 Computational Domain and Boundary Conditions 
Figure 1 shows the computational domain of a CIC used in the SM model. Due to the complexity of the solid 
geometry, the unstructured grid is employed to the fluid and solid domains. The tetrahedral and the CutCell mesh 
are employed to mesh the computational domain. Maximum skewness is kept below 0.92 and average skewness is 
around 0.23. Figure 2 illustrates the mesh of the solid zones in the compressor. With the SM method, it is possible to 
observe the oil volume fraction released from the crankshaft outlet of the compressor so that solid parts are 
integrated into the computational domain. As shown in Figure 2, grid refinement is increased close to the solid walls 
and interfaces between the adjacent domains.  
 
The sliding mesh domain used in the numerical study is shown on the right hand side of the Figure 2. It consists of 
crankshaft and the required interface domains. Rotational speed is taken constant in the analyses and acceleration of 
the electrical motor is neglected. All other remaining walls and interfaces between domains are taken as stationary. 
To determine the sufficient number of mesh elements to obtain reliable results, a mesh sensitivity study have been 
performed using tetrahedral and the CutCell mesh shown in Figure 3. As seen in Figure 3, the oil mass flow rate 
released from the crankshaft outlet has approximately the same order for the tetrahedral and the CutCell meshes. 
Moreover, there is no considerable change in the oil mass flow rate with increasing number of size, therefore the 
CutCell mesh method with 1.2M cell number is chosen in numerical calculations to reduce the computational cost. 
The unsteady analysis was performed at a rotational speed of 3000 rpm with oil viscosity of 5 cSt and submersion 
depth of 15 mm. 
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Figure 1: Computational domains of the CIC compressor  
 
 
Figure 2: Generated tetrahedral mesh for the solid parts of SM Model 
 
A time independence test is also conducted since the unsteady numerical calculations have been performed in the 
study. As regarded in any engineering method, the tradeoff between the accuracy and computational cost must be 
considered. Smaller time steps will typically yield more accuracy and stability. On the other hand, that needs longer 












From this regard in the numerical calculations, time step size (dt) is taken as 5x10-4 s initially and dt_2, dt_5, dt_10 
and dt_20 represent 2.5x10-4, 10-4, 5x10-5 and 2.5x10-5 s respectively. As it is seen in Figure 4, the oil mass flow rate 
of the lubrication system is dramatically decreasing with decrements of the time step size. By reducing the time step 
size, both the oil climbing time is delayed and the rate of change of the oil mass flow rate is reduced. After 0.3 s, 
time-averaged oil mass flow rates which are released from outlet of the crankshaft are reported in Figure 4. It is 
shown that the oil mass flow rate difference between dt_10 and dt_20 is around 1.5% which is within the acceptable 
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Figure 3: Mesh independence test                             Figure 4: Time step size test 
 
 
2.2 Computational Settings 
The two-phase flow in the oil lubrication system is simulated using the Volume of Fluid Method (VoF) under 
transient, laminar and incompressible flow conditions by using the finite volume based ANSYS-Fluent package. (i) 
The mixture is assumed to be immiscible, (ii) the flow is considered is isothermal, (iii) the refrigerant is replaced 
with air with a density of 1.23 kg/m3 and a viscosity of 1.5 x 10-5 kg/ms; (iv) the lubrication oil with a density of 890 
kg/m3 and the kinematic viscosity of oil is 5 cSt. Parallel computations have been performed on a 28-core processor 
computer using a second-order upwind scheme with appropriately selected underrelaxation factors for discretizing 
the continuity and momentum equations. The PISO (Pressure-Implicit with Splitting Operators) algorithm is used 
for pressure-velocity coupling since it is suitable for small time steps.  
 
2.3 Governing Equations 
2.3.1 Conversation Equations for SM: The integral form of the conversation equation for a general scalar , on an 
arbitrary control volume, V, whose boundary is moving can be written as, (Fluent Theory Guide, 2013). 
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Since the time rate of change of the cell volume is zero, 
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2.3.2 Governing equations for VOF model: For two-phase model, the continuity and momentum equations including 
the volume fraction (i) are given in Equation 6 and 7, respectively (Fluent Theory Guide, 2013).  
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3. MOVING REFERENCE FRAME METHOD 
 
The MRF method, various rotational speeds are defined at each cell zone and the flow in the zone is solved using 
moving reference frame equations. The MRF approach does not account for the relative motion of a moving zone, 
the mesh remains fixed for the computational time. This approach is also named as “freezing rotor approach” 
because moving part is kept as in a fixed initial position as freezing motion. 
 
3.1 Computational Domain and Boundary Conditions 
Figure 5 shows the extracted computational domain from the solid model of the CIC and its mesh model. As we are 
focusing on the oil mass flow rate of the lubrication system, only the crankshaft and oil sump are included in the 
model, remaining components of the CIC are not taken into account. The CutCell mesh method is used and 
approximately 950,000 cells are generated to discretize the computational domain where the mesh is refined and 
clustered near the walls. The boundary conditions are applied as follows. The prescribed pressure applied both at the 
top of the oil sump and the crankshaft outlet surfaces. Angular velocity of the crankshaft was assumed to have a 
constant speed neglecting the acceleration of the electrical motor. All the remaining walls are taken as stationary. All 
other details about modeling hermetic compressor with MRF method can be found in Ozsipahi et al., (2014b). 
 
  






4.1 Effect of Rotational Speed 
The oil mass flow rates obtained from crankshaft outlet with two different models are shown in Figure 6. As it is 
seen in the figure, there is a significant difference between the results of two models. The SM model yields lower oil 
mass flow rates at lower RPMs and higher mass flow rates at higher RPMs compared to MRF model. The deficit of 
the mass flow rates is greater below 2600 RPM. It is also shown in Figure 5 that the oil couldn’t reach the uppermost 
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of the oil mass flow rate released from outlet of the crankshaft. In the analyses the oil submersion depth is taken as 
11.5 mm. Table 1 shows the time sampled oil mass flow rates and computed oil climbing times for the SM and MRF 
models. It is shown that the oil mass flow rate achieves a time-periodic solution sooner in the SM model thus 
computed oil climbing time is between 0.14 and 0.52 s. On the other hand, MRF model needs more computational 
time to reach a steady state condition and computed oil climbing time is between 0.32 and 0.78 s in the given RPM 
range. It can be also concluded that the difference between the computed oil climbing time is increasing with the 
decrements of the RPM. 
 
 
Figure 6: Effect of RPM on the oil mass flow rate a) SM b) MRF  
 




Oil Mass Flow Rate Oil Climbing Time 
SM MRF SM MRF 
[RPM] g/s g/s s s 
1200 0 0.55 0.39 0.8 
1800 0.09 0.93 0.3 0.55  
2000 0.4 1.05 0.25 0.5 
2400 0.88 1.3 0.21 0.43  
2600 1.06 1.42 0.19 0.41  
3000 1.44 1.66 0.14 0.38  
3600 2.01 2 0.11 0.34  
4000 2.41 2.22 0.09 0.32  
 
 
4.2 Instantaneous Flow Fields 
In the initial state, the oil level is at rest having a height of 11.5 mm in the crankshaft. The oil is sucked from the oil 
sump through symmetrically opened two suction hole on the bottom of the crankshaft and climbs through helical 
channel carved on the shaft wall. As the time marches, the oil directed to the outlet of the crankshaft and released 
into the refrigerant medium. Figure 7 and 8 shows the instantaneous oil volume fractions at various times. It is seen 
on the figures that the SM model fills the flow area much faster than the MRF model, resulting to reach faster to 
steady state conditions. 
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In this study, the performance of the Sliding Mesh (SM) and the Moving Reference Frame (MRF) methods in 
modeling of the lubrication system of a Compact-type Inverter Compressor (CIC) are investigated by means of 
finite-volume based, unsteady, laminar and incompressible flow solver. Main findings are summarized as follows: 
 Modeling with the MRF method provides faster solutions than the SM. To run one simulation with the SM 
method takes nearly 2.5 days to solve while the modeling with the MRF takes approximately 20 hours.  
 Selecting a correct time step size is very crucial to get reliable transient solutions. 
 Oil climbing much faster in the SM method resulting needs less time to achieve steady-state condition. 
 The MRF method predicts higher oil mass flow rate under 3000 rpm but above 3000 rpm, the SM method 




The nomenclature should be located at the end of the text using the following format: 
dx minimum cell size (m)  
dt time step size (s) 
g gravitational acceleration (m/s2) 
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m oil mass flow rate (kg/s) 
p pressure (N/m2) 
t time (s)  
u characteristic velocity (m/s) 
ug mesh velocity  (m/s) 
S source term (kg/m3.s) 
 volume fraction (-) 
 diffusion coefficient (-) 
 Density (kg/m3) 
 Dynamic viscosity (kg/m.s) 
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